Methane production by Methanothrix soehngenii VNBF grown on acetate (50 mM) as the sole carbon and energy source was influenced by the addition of Fe, trace elements, and pesticides. The addition of Fe and trace elements significantly enhanced the rate of CH.4 production. The addition of pesticides in the early growth phase caused complete inhibition. However, less inhibition was noted when pesticides were added during early exponential growth phase. Addition to culture tubes of Co, Ni, or Mo at 2 ,uM produced 64, 41, or 17%, respectively, more CH4 than that produced in tubes lacking the corresponding trace element. A concentration of more than 5 ,IM of these trace elements in the medium resulted in decreased CH4 production, presumably because of toxic effects.
Acetate is the major precursor of CH4 production in anaerobic digesters (22) , and its utilization may be the rate-limiting step in the anaerobic degradation of organic matter (33) . Therefore, understanding the factors affecting the methanogenic activity of aceticlastic methanogens is important. There have been a few reports on the stimulation of methanogenesis from acetate by the addition of Fe and trace metals to pure and acetate-enriched cultures of aceticlastic methanogens (8, 20, 23, 24, 27, 28, 32) . Studies by Scherer and Sahm (27) have shown that the growth of Methanosarcina barkeri was dependent on Co and Mo. Addition of Ni and Se stimulated growth, but addition of iron salts neither stimulated nor inhibited growth or gas production of Methanosarcina barkeri (27, 28) . Patel (25) showed that the presence or absence of Fe, Se, or Ni in the growth medium of Methanothrix concilii made no difference in methane production and concluded that, perhaps, trace amounts of these nutrients present as contaminants may be sufficient for the growth of the methanogen. Similar studies with Methanococcoides methylutens (30) showed a requirement for Fe, Ni, and Co for growth on trimethylamine.
Several pesticides are being used in crop protection, and considerable quantities of pesticides may enter sewage and may also be found in excreta of humans and animals. It is known that pesticides may persist for a long time in the environment, polluting the ecosphere (18, 19) . Anaerobic microorganisms have been implicated in the disappearance of pesticides from anoxic environments. Studies have shown that DDT (dichlorodiphenyltrichloroethane), -y-BHC (benzene hexachloride), and other persistent chlorinated pesticides can be degraded more rapidly in anaerobic ecosystems such as sewage sludge, lake sediments, and flooded soils (1, 18, 31) .
I have previously reported the isolation and characterization of a fast-growing aceticlastic methanogen, Methanothrix soehngenii VNBF, from a biogas digester (5) . In this paper, I discuss the effects of Fe, trace metals, and pesticides on the growth of and CH4 production by M. soehngenii VNBF.
The methanogen was grown and maintained on prereduced enriched methanogenic medium (PREM medium), the composition of which was essentially that described by Van den Berg et al. (33) , except for a few modifications. All cations added as sulfates were added as their respective chlorides on an equimolar basis. PREM medium contained the following (in milligrams per liter of distilled water): NH4HCO3 (3,000), K2HPO4 (450), KH2PO4 (450), NH4Cl (180), MgCl2 6H20 (170), CaC12. 2H20 (120), NaCl (900), FeCl3 6H20 (20) , MnCl2 5H20 (6), CoCl2 6H20 (1), ZnCl2 (0.08), CuCl2 2H20 (0.08), H3BO3 (0.1), Na2MoO4. 2H20 (0.1), pyridoxine hydrochloride (0.1), thiamine hydrochloride (0.05), riboflavin (0.05), nicotinic acid (0.05), biotin (0.05), folic acid (0.02), cobalamin (0.005), and para-aminobenzoic acid (0.05). The medium was supplemented with 4,100 mg of CH3COONa (50 mM) and 0.1% yeast extract. Cysteine hydrochloride and Na2S H20 (0.03% each) and resazurin (2 mg/liter; an oxidationreduction indicator) were added. The pH of the medium was adjusted to 7.0. All experiments were performed by dispensing 10-ml samples of PREM medium into 25-ml culture tubes. The tubes were flushed with deoxygenated N2 and closed with a rubber stopper. The effect of Fe2+ was studied by omitting the cation from the medium and supplementing it at various concentrations. The culture grown in irondepleted medium served as an inoculum. Similarly, the PREM medium used for the experiments with trace elements was prepared with deionized double-distilled water and was devoid of the trace element whose effect was being studied. A 5-day-old culture grown in the medium lacking the test trace metal served as the inoculum (5%, vol/vol) and was incubated at 35°C.
Growth was monitored by measuring optical density at 540 nm with a Spectronic-20 colorimeter (Bausch & Lomb, Inc., Rochester, N.Y.). Growth curves obtained by measuring optical density at 540 nm were identical in shape to curves of CH4 production. The amount of CH4 in the headspace was determined by gas chromatography. Gas samples were removed from the headspaces of culture tubes with an airtight 100-Ll-capacity microsyringe (Top Syringe Company, Bombay, India) and injected into the gas chromatograph (model RL04; Toshiniwal, Bombay, India). concentrations of up to 10 puM (Fig. 1B) .
. (27) and with aceticlastic methanogens from a fixed-film reactor (24) , indicating the requirement for this trace metal in systems other than the CO2 reductase system (27 This would result in decreased methanogenesis, as was observed at higher levels of trace elements in this study. For the experiment on the effect of pesticides, stock solutions (100x) of various pesticides were prepared in distilled acetone. Different volumes (10, 50, and 100 ,ul) of the stock solutions were directly injected into the culture tubes (in duplicate) to obtain the desired final concentrations. The tubes were kept uninoculated for 1 day to equilibrate the pesticide with the aqueous medium. To one set of tubes, additions were made at the time of inoculation ( Table  2 , experiment 1), while to the other set, pesticides were added in the early log phase, i.e., 5 days after inoculation ( Table 2 , experiment 2). In the latter set, approximately 40 ,umol of CH4 had already been produced before the addition of pesticides. Addition of hinosan, fenitrothion, parathion, methyl parathion, and quinolphos completely inhibited CH4 formation at the lowest concentration tested (10 ,ug/ml). Fenthion, dichlorvos (DDVP), and carbofuran were less effective ( Table 2 , experiment 1). However, addition of pesticides to the actively growing cells (at the end of 5 days) showed slightly decreased inhibition, and this decrease was pronounced in the case of fenitrothion and quinolphos. Conversely, the addition of carbofuran to the 5-day-old culture resulted in increased inhibition, and the exact reason for this inhibition is not known.
In general, the concentration-dependent inhibitory effect was less when pesticides were added to the cells in early exponential phase. For example, after 5 days of growth, methanogenic activity was not completely (<100%) inhibited even at a pesticide concentration of 50 or 100 ,g/ml. The decreased inhibition by pesticides in actively growing cultures may be because of a larger cell population and a higher degree of resistance of organisms to such synthetic chemicals. Pesticides influence the density and composition of microbial populations in natural environments as well as in pure cultures (18) . Methanogenic bacteria constitute an important class of nontarget organisms likely to be affected by pesticides. McBride and Wolfe (21) have shown the inhibition of CH4 formation in cell extracts and whole cells of Methanobacterium sp. strain M o-H by DDT and its analogs. Gunsalus and Wolfe (7) have suggested that the conversion of CH3-S-coenzyme M to CH4 is the step susceptible to pesticide action. In addition, pesticides inhibit various metabolic and respiratory enzymes in many nonmethanogens (18, 19) . In conclusion, studies of nutritional requirements and the factors affecting methanogenic activity in pure cultures could help in devising a suitable medium for obtaining high cell mass and increased methane production (26) . The data could be extended to mixed culture for enhanced CH4 production. In view of the rapid growth of M. soehngenii VNBF and its resistance to pesticides, M. soehngenii VNBF merits attention in the development of a microbial consortium for the anaerobic degradation of the above-mentioned pesticides. However, the performance of M. soehngenii VNBF under mixed-culture conditions remains to be tested. 
